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PROVIDE A CHIP WITHINAMOLDING LAYER, WHEREINASURFACE | 79
OF THE CHIP AND A SURFACE OF THE MOLDING LAYERLEINA 7
SAME PLANE

DEPOSIT AFIRST REDISTRIBUTION LAYER ON THE SURFACE OF THE {04
CHIF AND THE MOLDING LAYER

 FORM AN ANTENNA, A GROUND TERMINAL, AND A CONDUCTIVE
TRACE IN THE FIRST REDISTRIBUTION LAYER, WHEREIN THE ANTENNA
COMPRISES AN ANTENNA ELEMENT AND A FEEDER, THE FEEDER
HAVING AFIRST END CONNECTED TO AFIRST TERMINAL, ASECOND |~ T08
END CONNECTED TO A SECOND TERMINAL, AND A THIRD END
CONNECTED TO THE ANTENNA ELEMENT, AND THE CONDUCTIVE
TRACE COMPRISES AN OPEN END AND AN END CONNECTED TO
THE GROUND

FIG. 7
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COUPLING REDUCTION METHOD FOR
ANTENNAS IN PACKAGEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of U.S.
Provisional Patent Application Ser. No. 62/506,637, filed on

May 16, 2017 and entitled “Coupling Reduction Method For
Antennas In Package,” which 1s hereby incorporated herein
by reference 1n its entirety. This application also claims
priority to and the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 62/384,769, filed on Sep. 8, 2016, titled
“Coupling Reduction Method For Antennas In Package,”
which 1s hereby incorporated herein by reference in its
entirety.

TECHNICAL FIELD

Aspects of the present disclosure relates to radio fre-
quency (RF) devices, such as RF communication devices
and/or RF detection devices, and 1n particular to novel RF
devices with reduced coupling between antennas in package.

BACKGROUND

Electromagnetic wave frequencies that range from 3 kHz
to 300 GHz are sometimes referred to as radio frequencies.
RF signals have been used for many applications such as
communications and radar. Some RF devices employ anten-
nas.

SUMMARY

Radio frequency (RF) devices are provided.

Some embodiments relate to a radio frequency (RF)
device comprising first and second antennas formed 1n a
redistribution layer of a package and at least one conductive
trace formed in the redistribution layer of the package. The
at least one conductive trace may separate from the first and
second antennas, wherein the first antenna may be a trans-
mitter antenna, the second antenna may be a receiver
antenna, and the at least one conductive trace may be sized
and positioned to couple energy from the first antenna.

In some embodiments, both the first and second antennas
may be positioned on a same side of each of the at least one
conductive trace.

In some embodiments, the RF device may comprise first
and second ground terminals.

In some embodiments, the at least one conductive trace
may comprise first and second conductive traces, wherein
the first conductive trace may be connected to the first
ground terminal and the second conductive trace may be
connected to the second ground termainal.

In some embodiments, the RF device may be tuned for a
wavelength A. The at least one conductive trace may have an
open end and an end connected to a ground terminal, and a
length between the open end and the end connected to the
ground terminal substantially equal to an odd multiple of a
quarter of the wavelength A.

In some embodiments, each of the first and second
antennas may comprise an antenna element and a feeder. A
distance between the antenna elements of the first and
second antennas may be greater than a distance between the
teeders of the first and second antennas.
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2

In some embodiments, an 1solation between the first and
second antennas may have a notch at a frequency corre-
sponding to the wavelength A.

In some embodiments, a lowest point of the notch may be
less than -35 dB.

Some embodiments relate to a radio frequency (RF)
device comprising a molding layer, a chip embedded within
the molding layer, a redistribution layer coupled to the chip,
an antenna formed 1n the redistribution layer, and a conduc-
tive trace formed 1n the redistribution layer. The conductive
trace may be sized and positioned for trapping a portion of
energy transmitted from the antenna.

In some embodiments, the chip may comprise a transmit-
ter and/or a receiver.

In some embodiments, the antenna may comprise an
antenna element and a feeder. The feeder may have a first
end connected to one of a group of terminals consisting of
a ground terminal and a first output of the chip, a second end
connected to a second output of the chip, and a third end
connected to the antenna element. The conductive trace may
comprise an open end and an end connected to the ground
terminal.

In some embodiments, the conductive trace may be sub-
stantially parallel to the feeder.

In some embodiments, the conductive trace may be sub-
stantially perpendicular to the feeder.

In some embodiments, the conductive trace may comprise
an open end and an end connected to a ground. The antenna
may be tuned for a wavelength A. A length between the open
end of the conductive trace and the end connected to the
ground substantially may equal to an odd multiple of a
quarter ol the wavelength.

In some embodiments, the conductive trace may be a first
conductive trace. The device may comprise a plurality of
conductive traces formed 1n the redistribution layer, each of
the plurality of conductive traces comprising an open end
and an end connected to a ground terminal, wherein the
plurality of conductive traces include the first conductive
trace.

In some embodiments, the first conductive trace may have
a first length selected to improve 1solation performance 1n a
first frequency range, and a second conductive trace of the
plurality of conductive traces may have a second length
different from the first length, the second length being
selected to i1mprove 1solation performance 1n a second
frequency range different from the first frequency range.

In some embodiments, the antenna may be a {irst antenna,
the antenna element may be a first antenna element, the
feeder may be a first feeder, the chip may be a transmitting
chip, and the ground terminal may be a first ground terminal.
The RF device may further comprise a second antenna
formed 1n the redistribution layer. The second antenna may
comprise a second antenna element and a second feeder, the
feeder having a first end connected to one of a group of
terminals consisting of a second ground terminal and a first
output of a receiving chip, a second end connected to a
second output of the receiving chip, and a third end connect
to the second antenna element.

In some embodiments, the device may comprise a second
conductive trace formed in the redistribution layer, the
second conductive trace comprising an open end and an end
connected to the second ground terminal.

In some embodiments, a distance between the first and
second conductive traces may be greater than a distance
between the first and second antenna elements.

In some embodiments, the redistribution layer may be
metallic.
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The foregoing summary 1s provided by way of 1llustration
and 1s not mtended to be limiting.

BRIEF DESCRIPTION OF DRAWINGS

In the drawings, each identical or nearly i1dentical com-
ponent that 1s 1llustrated 1n various figures 1s represented by
a like numeral. For purposes of clarity, not every component
may be labeled 1n every drawing. The accompanying draw-
ings are not necessarilly drawn to scale, with emphasis
instead being placed on illustrating various aspects of the
techniques and devices described herein.

FIG. 1 1s a block diagram of an illustrative Radio Fre-
quency (RF) system, according to some embodiments.

FIG. 2A 1s a cross-sectional view of an illustrative RF
device having a stub sized and positioned to trap energy
irradiated from an antenna, according to some embodiments.

FIG. 2B 1s a top view of the 1llustrative RF device of FIG.
2A, according to some embodiments.

FI1G. 2C 1s a top view of the 1llustrative RF device of FIG.
2A, showing electromagnetic field distribution.

FIG. 2D 1s an 1solation plot of the illustrative RF device
of FIG. 2B, showing improved 1solation between antennas
compared to an RF device without any stub.

FIG. 3A 1s a top view of an illustrative RF device with
stubs placed at alternative positions, according to some
embodiments.

FIG. 3B 1s an 1solation plot of the illustrative RF device
of FIG. 3A, showing improved 1solation between antennas,
compared to an RF device without any stub.

FIG. 4A 1s a top view of an illustrative RF device with
stubs placed at alternative positions, according to some
embodiments.

FIG. 4B 1s an 1solation plot of the illustrative RF device
of FIG. 4A, showing improved 1solation between antennas,
compared to an RF device without any conductive trace.

FIG. 5A 1s a top view of an illustrative RF device with
stubs placed at alternative positions, according to some
embodiments.

FIG. 5B 1s an 1solation plot of the illustrative RF device
of FIG. 5A, showing improved 1solation between antennas,
compared to an RF device without any stub.

FIG. 5C 1s an enlarged view of a marked region 5C in
FIG. SA.

FIG. 6A 1s a top view of an illustrative RF device,
according to some embodiments.

FIG. 6B 1s an 1solation plot of the illustrative RF device
of FIG. 6 A, showing improved 1solation between antennas,
compared to an RF device without any stub.

FIG. 7 1s a flowchart showing an illustrative method of
manufacturing an RF device described herein, according to
some embodiments.

DETAILED DESCRIPTION

The inventors have recognized and appreciated that a
Radio Frequency (RF) device may include a plurality of
antennas closely arranged. For example, a distance between
adjacent antennas may be 0.5 mm to 8 mm. In another
example, a distance between adjacent antennas may be
within 0.05A to 10A, where A 1s a wavelength corresponding
to an operation frequency of the antennas. As a result, there
may be electromagnetic coupling between the plurality of
antennas, which may degrade the RF device’s performance.
For example, a first antenna 1n an RF device may be used for
transmitting signals, and a second antenna in the same RF
device may be used for receiving signals. When the trans-
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mitter antenna turns on, the transmitter antenna may induce
an electromagnetic field. Because the receiver antenna 1s
located near the transmitter antenna, the receiver antenna
may capture some power transmitted by the transmitter
antenna, which may degrade the receiver antenna’s perfor-
mance. For example, the receiver antenna may be saturated
and desensed, which would result in a deteriorated signal to
noise ratio. The mventors have also recognized and appre-
ciated that reducing the electromagnetic coupling between
antennas by keeping the antennas far apart may prevent
miniaturization of RF devices.

Accordingly, in some embodiments, techniques are pro-
vided that may increase RF device performance without
increasing package size. As a result, an RF device may have
high 1solation (e.g., less than -30 dB of power transfer)
between the antennas when operating at high frequencies
(e.g., 1n the 78 GHz band). In some embodiments, 1solation
may be measured as S21, namely, power transierred to the
receiver antenna from the transmitter antenna. In some
embodiments, S21 may be measured by a vector network
analyzer. In some embodiments, S21 may be measured using
a known transmitter antenna and a known receiver antenna.
One or more of these techniques may be used 1n a wide range
of applications including, for example, communication and
sensing devices for automobiles, mobile devices (e.g.,
smartphones and tablets), radars, and Internet of Things
(Io1).

The inventors have recognized and appreciated that one or
more conductive traces may be included i an RF device and
may be sized and positioned to function as an energy trap
such that a portion of energy transmitted from a first antenna
may be trapped thereby reducing undesired coupling
between a second antenna and the first antenna. The inven-
tors have further recognized and appreciated that the one or
more conductive traces may be sized and positioned such
that the undesired coupling between the second antenna and
the first antenna 1s suppressed while maintaining perfor-
mance parameters of the first and second antenna (e.g.,
antenna gain, reflection coeflicient, radiation pattern, and
elliciency).

In some embodiments, an RF device may include a
plurality of conductive traces formed within a redistribution
layer. One or more of the conductive traces may be config-
ured as one or more antennas. One or more other conductive
traces may be configured to trap energy from an antenna. A
conductive trace configured to trap energy from an antenna
may be referred to herein as a stub.

In some embodiments, a stub may have an open end and
another end connected to a reference potential, which may
be an earth ground, a DC voltage, or another suitable
reference potential. In some embodiments, each antenna
may have an associated ground ring and there may be at least
one stub sharing the associated ground ring with the antenna.
In some embodiments, multiple stubs may share a same
ground ring with the antenna.

In some embodiments, one or more stubs may be placed
on an outside of a pair of transmitter and recerver antennas
in an RF device (as opposed to between the transmitter and
receiver antennas). Alternatively, or additionally, one or
more stubs may be placed between the transmitter and
receiver antennas.

In some embodiments, one or more stubs may be placed
parallel to a feeder of a transmitter or receiver antenna in an
RF device. Alternatively, or additionally, one or more stubs
may be placed perpendicular to a feeder of a transmitter or
receiver antenna 1n an RF device. Alternatively, or addition-
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ally, one or more stubs may be placed at an angle with
respect to a feeder of a transmitter or receiver antenna in an
RF device.

In some embodiments, one of transmitter and receiver
antennas 1 an RF device may have at least one associated
stub, while the other one of the transmitter and receiver
antennas 1n the RF device may not have any associated stub.

FIG. 1 shows a block diagram of an illustrative Radio
Frequency (RF) system 100, according to some embodi-
ments. The RF system 100 may include a transmitter path
102 and a receiver path 112. In the transmitter path, a
processor/controller 104 may generate a carrier signal,
which may be delivered to a power amplifier (PA) 108
through a transmitter front end 106. The carrier signal may
be amplified by the PA and coupled to a transmitter antenna
110. The transmitter front end may include circuitry such as
one or more filters and/or mixers. In the receiver path, a
receiver antenna 120 may capture a signal, which may be
amplified by a low noise amplifier (LNA) 118. The amplified
signal may be sent to the processor/controller 104 through a
receiver front end 116. The receiver front end may include
circuitry such as one or more filters and/or mixers (e.g.,
down-conversion mixers).

In some embodiments, the RF system 100 may include an
illustrative RF device 200. FIG. 2A illustrates a cross-
sectional view of the RF device 200, according to some
embodiments. The RF device 200 may include a chip 202
encapsulated by a molding layer 204, first and second
redistribution layers (RDL) 208 and 212, and first, second,
and third dielectric layers 206, 210, and 214 to provide
1solation between the chip 202 and the first and second
RDLs 208 and 212. The first and second RDLs 208 and 212
may be substantially aligned along a z direction. A surface
of the chip 202 and a surface of the molding layer 204 may
lie on a same plane 216. The plane 216 may be parallel to
an x-y plane that 1s perpendicular to the z direction. The first
and second RDLs 208 and 212 may be formed of aluminum,
copper, tungsten, gold, or any other suitable conductive
material, or any number of conductive materials 1 any
suitable combination. The first and second RDLs 208 and
212 may be formed of the same conductive material 1n some
embodiments, or different conductive materials. The first
RDL 208 may be formed to provide electrical accesses to the
chip 202. The second RDL 212 may be formed to define
landing pads for solder balls 218. The chip 202 may be
interconnect to a metal layer 220 on a PCB 222 through the
solder balls. Although two RDLs are illustrated in the
example, 1t should be appreciated that aspects of the present
disclosure 1s not limited 1n this regard. The RF device 200
may include one, three, or any suitable number of RDLs.

In some embodiments, the chip 202 may be an integrated
circuit chip. For example, 1n some embodiments, the chip
202 may be a monolithic microwave integrated circuit
(MMIC) chip for microwave engineering processes. In some
embodiments, the chip 202 may include any number and
combination of circuits including, for example, the 1llustra-
tive transmitter front end (TX front fend) 106, the illustrative
power amplifier (PA) 108, the 1llustrative receiver front end
(RX front end) 116, the illustrative LNA 118, and/or the
illustrative processor/controller 104 shown in FIG. 1.

As 1llustrated 1n FIG. 2A, in some embodiments, the
transmitter antenna 110 and the receiver antenna 120 may be
formed 1n the first RDL 208. The transmitter antenna 110
may be spaced apart from the receiver antenna 120 along a
y direction perpendicular to the z direction. Stubs 224 may
also be formed 1n the first RDL 208. Referring to FIG. 2B

now, each stub may have an open end 226(2265) and an end
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228(228b) connected to a ground 230(2305). Each antenna
may include an antenna element 232 and a feeder 234
connected to the antenna element. The feeder 234 may have
a first end 238 connected to the ground 230, a second end
236 connected to an output of the chip 202 through, for
example, vias, and a third end 240 connected to the antenna
clement 232. In some embodiments, the first end 238 may be
connected to another output of the chip 202 1n lieu of the
ground 230.

The antennas may be tuned for a radio wave with a
wavelength A, depending on an intended application. For
example, 1n a collision avoidance application (e.g., automo-
tive parking assistant, autonomous vehicle, domestic robot,
etc.), an RF device for mid-distance radars (e.g., 10-40
meters) may operate at 24 GHz band, while an RF device for
long-distance radars (e.g., 100-150 meters) may be tuned to
78 GHz band. The mventors have recognized and appreci-
ated that, 1n order for a stub to function eflectively as an
energy trap, 1t may be desirable to size the stub so that a
length between the open end and the end connected to the
ground 1s substantially equal to odd multiples of a quarter of
the wavelength A, for example, A/4, 3A/4, 5 A/4, etc. It may
be based on the stub characteristic, for example, when a stub
has one end open and the other end short to a ground, a
working length 1s about odd multiples of a quarter of the
wavelength A. However, aspects of the present disclosure 1s
not limited in this regard. A stub may have any suitable
length.

In the example shown 1n FIG. 2B, the transmitter antenna
110 has a stub 224a (1n a conductive trace, e.g., a ground
terminal 230a), which shares the ground terminal 230a with
the transmitter antenna 110. The ground terminal 230a may
substantially surround the transmitter antenna. Likewise, 1n
the example shown in FIG. 2B, the receiver antenna 120 has
a stub 2245 (in a conductive trace, e.g., a ground terminal
230b), which shares the ground terminal 2305 with the
receiver antenna 120. The ground terminal 2305 may sub-
stantially surround the receiver antenna 120. In the illustra-
tive example, the ground terminals 230a and 2305 substan-
tially surround the transmitter and receiver antennas,
respectively. However, aspects of the present disclose are
not limited 1n this regard. Ground terminals may have any
suitable shapes and lengths. The open end 2264 of the stub
224a may point to the open end 2265 of the stub 2265. A
distance between the stubs 224q and 2245 may be greater
than a distance between the transmitter and receiver anten-
nas. In some embodiments, the transmitter antenna 110 may
be spaced apart from the receiver antenna 120 in the y
direction. The stubs 224q and 2245 may be elongated along
the y direction.

Although the illustrative antennas shown 1n FIGS. 2A-2B
have an I-shaped type, 1t should be appreciated that aspects
of the present disclosure are not limited in this regard. The
antennas may be of any suitable type including, for example,
dipole, folder dipole, ring, rectangular loop, and patch.
Although in the examples shown i FIGS. 2A-2B each
antenna has one associated stub, 1t should be appreciated that
aspects of the present disclosure are not limited in this
regard. One antenna may have multiple associated stubs at
different locations. The multiple stubs may have a same
length 1n some embodiments, or different lengths. Although
two antennas 110 and 120 are 1illustrated, it should be
appreciated that aspects of the present disclosure are not
limited i this regard. An RF device may include any
suitable number of antennas, such as one, three, four, or
more. Although the 1llustrated antennas may be transmitter
antenna 110 and receiver antenna 120, 1t should be appre-




US 10,615,494 B2

7

ciated that aspects of the present disclosure are not limited
in this regard. An RF device may include only one or more
transmitter antennas, or only one or more receiver antennas,
or any suitable number of transmitter antennas and any
suitable number of receiver antennas in combination.
Although 1n these examples the stubs have a rectangular
shape, i1t should be appreciated that aspects of the present
disclosure are not limited 1n this regard. Various stubs may
have any suitable shapes including, for example, oval,

polygon, and/or triangle.

In some embodiments, when the transmitter antenna 110
turns on, the transmitter antenna may induce an electromag-
netic field distribution as 1llustrated 1n FIG. 2C. An intensity
of the electromagnetic field may be proportional to a
strength of transmitted radio waves. An intensity of the
clectromagnetic ficld may be increased at the open end of the
stubs 224a and 224b, indicating that the conductive traces
attract a portion of the energy radiated by the transmitter
antenna 110. As a result, energy coupled by the receiver
antenna 120 may be reduced.

FIG. 2D 1s an 1solation plot of the illustrative RF device
200 of FIGS. 2A-2C, compared with an RF device without
any stub. A parameter S21 of the 1solation plot represents
power transierred from the transmitter antenna 110 to the
receiver antenna 120. Curve 240 shows i1solation perior-
mance of an RF device without any stub. Curve 242 shows
1solation performance of the RF device 200. While the curve
240 1s above =30 dB, the curve 242 is below =30 dB across
an 1llustrated frequency range, indicating improved 1solation
between the antennas. Under the same package size, the RF
device 200 may provide an average of 10 dB improvement
over the RF device without any stub. Although the 1llustrated
example shows curve 242 having a trough/notch 244 at 78
GHz, it should be appreciated that aspects of the present
disclosure 1s not limited 1n this regard. The mventors have
recognized and appreciated that conductive traces may be
s1zed and positioned 1 accordance with an intended appli-
cation. For example, multiple stubs with different lengths
may be included to create troughs/notches at diflerent fre-
quency bands (e.g., a first trough/notch at 24 GHz and a
second trough/notch at 78 GHz).

In some embodiments, a trough/notch may have a depth
in the range of 1 dB to 200 dB. In some embodiments, a
trough/notch may have a depth 1n the range of 2 dB to 100
dB. In some embodiments, a trough/notch may have a depth
in the range of 5 dB to 20 dB. For example, 1n the 1llustrated

example 1n FIG. 2D, the trough/notch 244 has a depth of
about 9.5 dB.

In some embodiments, a lowest point of a trough/notch
may be less than =30 dB 1n the range of 1 dB to 200 dB. In
some embodiments, a lowest point of a trough/notch may be
less than -30 dB in the range of 2 dB to 100 dB. In some
embodiments, a lowest point of a trough/notch may be less
than —30 dB 1n the range of 5 dB to 20 dB. For example, in
the 1llustrated example in FIG. 2D, a lowest point 246 of the
trough/notch 244 1s about 11.9 dB below -30 dB.

FIG. 3A 1s a top views of an 1illustrative RF device 300
with stubs placed at alternative locations, according to some
embodiments. In some embodiments, the RF device 300
may have a same package size as the illustrative RF device
200 shown 1n FIGS. 2A-B, and may differ from the RF
device 200 in that stub 324a 1s at a different position
compared to the illustrative stub 224a of FIG. 2B along an
x direction perpendicular to the y direction and z direction,
and stub 324b 1s at a different position compared to the
illustrative stub 22456 of FIG. 2B along the x direction.
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FIG. 3B 1s an 1solation plot of the illustrative RF device
300, showing improved i1solation between the antennas,
compared to an RF device without any stub. A parameter
S213 of the 1solation plot represents power transterred from
the antenna 310 to the antenna 320. Curve 342 shows
isolation performance of the RF device 300. Unlike the
curve 242 shown in FIG. 2D, the curve 342 has a trough at
about 81 GHz. Thus, by adjusting position of one or more
stubs, improved 1solation performance at different frequency
ranges may be achieved.

FIG. 4A 15 a top views of an illustrative RF device 400
with stubs placed at alternative locations, according to some
embodiments. In this example, stubs 424a and 4245 are
placed between antenna 410 and antenna 420. (By contrast,
the stubs 224a and 22456 are placed outside of the antenna
110 and the antenna 120 1n the example shown 1n FIG. 2B.)
In some embodiments, the RF device 400 may have a same
package size as the illustrative RF device 200 shown in
FIGS. 2A-B.

FIG. 4B 1s an 1solation plot of the RF device 400, showing
improved 1solation between the antennas, compared to an
RF device without any stub. A parameter S214 of the
1solation plot represents power transferred from the antenna
410 to the antenna 420. Curve 342 shows isolation perfor-
mance of the RF device 300.

FIG. 5A 1s a top views of an illustrative RF device 500
with stubs placed at alternative locations, according to some
embodiments. In this example, stubs 524 are substantially
perpendicular to corresponding feeders (as illustrated in
FIG. 5C). (By contrast, the stubs 224 are substantially
parallel to corresponding feeders 1in the example shown in
FIG. 2B.) In some embodiments, the antenna 510 may be
spaced apart from the antenna 520 in the y direction. The
stubs 524a and 5245 may be elongated along the x direction.
In some embodiments, the stubs may be placed at an angle
with respect to the y direction. In some embodiments, the RF
device 500 may have a same package size as the illustrative
RF device 200 shown 1in FIGS. 2A-B.

FIG. 5B 1s an 1solation plot of the RF device 500, showing
improved 1solation between the antennas, compared to an
RF device without any stub. A parameter S215 of the
1solation plot represents power transierred from the trans-
mitter antenna 510 to the receiver antenna 520. Curve 542
shows 1solation performance of the RF device 3500. In
addition to a trough at around 78 GHz, the curve 542
continues to drop beyond 80 GHz. Thus, by adjusting
orientation of one or more stubs, improved 1solation perfor-

mance at multiple frequency ranges may be achieved.

FIG. 6A 1s a top view of an RF device 600 with one stub
624a for an antenna 610 and no stub for a second antenna
620, according to some embodiments. FIG. 6B 1s an 1sola-
tion plot of the RF device 600, compared to an RF device
without any stub. A parameter S216 of the isolation plot
represents power transferred from the antenna 610 to the
antenna 620. Curve 642 shows 1solation perfonnance of the
RF device 600. Under a same package size, the RF device
600 may provide an average of about 3 dB improvement
over the RF device without any stub.

FIG. 7 shows an 1llustrative method 700 for manufactur-
ing an RF device described herein, according to some
embodiments. The method 700 may begin at act 702, 1n
which a chip within a molding layer may be provided. In
some embodiments, the molding layer may be a molding
compound layer for a package. A surface of the chip and a
surface of the molding layer may lie on a same plane. At act
704, a first redistribution layer may be deposited on the
surface of the chip and the surface of the molding layer. At
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act 706, an antenna, a ground terminal, and a conductive
trace may be formed 1n the first redistribution layer. In some
embodiments, the antenna, ground terminal, and conductive
trace may be formed by etching the first redistribution layer.
The antenna may comprise an antenna element and a feeder.
The feeder may have a first end connected to a first terminal,
a second end connected to a second terminal, and a third end
connected to the antenna element. In some embodiments, the
first terminal may be a first output of the chip and the second
terminal may be a second output of the chip. In some
embodiments, the first terminal may be the ground terminal
and the second terminal may be an output of the chip. The
stub may comprise an open end and an end connected to the
ground.
Various aspects of the apparatus and techniques described
herein may be used alone, in combination, or in a variety of
arrangements not specially discussed in the embodiments
described 1n the foregoing description and 1s therefore not
limited 1n 1ts application to the details and arrangement of
components set forth in the foregoing description or 1llus-
trated 1n the drawings. For example, aspects described 1n one
embodiment may be combined 1n any manner with aspects
described in other embodiments.
The terms “approximately”, “substantially,” and “about™
may be used to mean within £20% of a target value 1n some
embodiments, within x10% of a target value 1n some
embodiments, within +5% of a target value 1n some embodi-
ments, and yet within 2% of a target value 1 some
embodiments.
Use of ordinal terms such as “first,” “second,” “third,”
etc., 1n the claims to modily a claim element does not by
itsell connote any priority, precedence, or order of one claim
clement over another or the temporal order 1n which acts of
a method are performed, but are used merely as labels to
distinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.
Also, the phraseology and terminology used herein 1s for
the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having,”
“containing,” “mvolving,” and variations thereof herein, 1s
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.
What 1s claimed 1s:
1. A Radio Frequency (RF) device, comprising:
first and second antennas formed in a redistribution layer
ol a package;

at least one conductive trace formed 1n the redistribution
layer of the package, the at least one conductive trace
separate Ifrom the first and second antennas, wherein
the first antenna 1s a transmitter antenna, the second
antenna 1s a receirver antenna, and the at least one
conductive trace 1s sized and positioned to couple
energy from the first antenna; and

first and second ground terminals.

2. The device of claim 1, wherein both the first and second
antennas are positioned on a same side of each of the at least
one conductive trace.

3. The device of claiam 1, wherein the at least one
conductive trace comprises first and second conductive
traces, wherein the first conductive trace 1s connected to the
first ground terminal and the second conductive trace 1is
connected to the second ground terminal.

4. The device of claim 1, wherein the RF device 1s tuned
for a wavelength A, the at least one conductive trace has an
open end and an end connected to the first ground terminal,

and a length between the open end and the end connected to
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the first ground terminal 1s substantially equal to an odd
multiple of a quarter of the wavelength A.

5. The device of claim 1, wherein each of the first and
second antennas comprises an antenna element and a feeder,
and a distance between the antenna elements of the first and
second antennas 1s greater than a distance between the
feeders of the first and second antennas.

6. The device of claim 4, wherein an 1solation between the
first and second antennas has a notch at a frequency corre-
sponding to the wavelength A.

7. The device of claim 6, wherein a lowest point of the
notch 1s less than -35 dB.

8. A Radio Frequency (RF) device, comprising:

a molding layer;

a chip embedded within the molding layer;

a redistribution layer coupled to the chip;

an antenna formed in the redistribution layer; and

a conductive trace formed 1n the redistribution layer, the

conductive trace sized and positioned for trapping a
portion ol energy transmitted from the antenna.

9. The device of claim 8, wherein the chip comprises a
transmitter and/or a receiver.

10. The device of claim 8, wherein the antenna comprises
an antenna element and a feeder, the feeder has a first end
connected to one of a group of terminals consisting of a
ground terminal and a first output of the chip, a second end
connected to a second output of the chip, and a third end
connected to the antenna element, and the conductive trace
comprises an open end and an end connected to the ground
terminal.

11. The device of claim 10, wherein the conductive trace
1s substantially parallel to the feeder.

12. The device of claim 10, wherein the conductive trace
1s substantially perpendicular to the feeder.

13. The device of claim 8, wherein the conductive trace
comprises an open end and an end connected to a ground, the
antenna 1s tuned for a wavelength A, and a length between
the open end of the conductive trace and the end connected
to the ground 1s substantially equal to an odd multiple of a
quarter of the wavelength.

14. The device of claim 8, wherein:

the conductive trace 1s a first conductive trace,

the device comprises a plurality of conductive traces

formed 1n the redistribution layer, each of the plurality
of conductive traces comprises an open end and an end
connected to a ground terminal, and

the plurality of conductive traces include the first con-

ductive trace.

15. The device of claim 14, wherein the first conductive
trace has a first length selected to improve 1solation perfor-
mance 1n a first frequency range, and a second conductive
trace of the plurality of conductive traces has a second length
different from the first length, the second length being
selected to improve i1solation performance in a second
frequency range diflerent from the first frequency range.

16. The device of claim 10, wherein:

the antenna 1s a first antenna,

the antenna element 1s a first antenna element,

the feeder 1s a first feeder,

the chip 1s a transmitting chip,

the ground terminal 1s a first ground terminal,

the device further comprises a second antenna formed 1n

the redistribution layer,

the second antenna comprises a second antenna element

and a second feeder, and

the feeder has a first end connected to one of a group of

terminals consisting of a second ground terminal and a
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first output of a recerving chip, a second end connected
to a second output of the recerving chip, and a third end
connected to the second antenna element.

17. The device of claim 16, wherein:

the device comprises a second conductive trace formed 1n
the redistribution layer, and

the second conductive trace comprises an open end and an

end connected to the second ground terminal.
18. The device of claim 17, wherein a distance between

the first and second conductive traces 1s greater than a
distance between the first and second antenna elements.
19. The device of claim 8, wherein the redistribution layer

1s metallic.
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